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Hydraulic model studies were conducted on 
two separate scheme8 of Boysen Dam spillway at  tuo 
different  times. Studies made of Schgme Toro are 
discussed f i r s t  i n  th i s  rep&, while studio8 made 
of Scheme One a re  considared secondly. 

HydFaullc model studies of Schans Two were 
conducted i n  the Hydraulic ,Laboratory of the Bureau 
of Reclamation a t  the Denver Federal Center, Denver, 
Colorado, during the period May 27, 1947 t o  June 7, 
1949. The result8 obtained were brought about throw 
the coopmation of the ataffa of the Spillway and 
Outlet Section Xo. 1 and t he  Hydraulic Laboratory. 
During the course of the model studies, Mesars. D. C. 
YcConaughy and L. Y. Stinwon of the Spil lmy and 
Outlet Section No. 1 frequently v is i ted  the laboratory 
t;o abseme the  model testa  and t o  discuss the test 
results. These studies were conducted by Maspa. G. L. 
~ e i c h l e ~  and W. E. Wagner under the direct  superoi- 
aion of Messrs. A. J, Peterka and J. N o  Bradley. 

Hydraulic model studies of Schane One of 
Boysan Dam spillway, Section X I  of t h i s  report, were 
conducted i n  the Hydraulic Laboratory of the Bureau 
of Reclamation a t  the Fnited States C w m u s e ,  
Denvm, Colorado, during the p e ~ i o d  January P9J+6 to 
November l9U.  These studies were conducted by 
Mr. R. C. Beael under *the d i rec t  zsupervbion of 
Ms. J . N. Bradley and i n  cooperation with Messra . 
D, C. McComughy and D. A. Dedel of the Spillway 
Design Section. 
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DEPARmKm OF THE IN'mIrn 
I m P A U  m RECLAMArnOQ 

Design and C.onstruction Division &&oratory qeporf NO* Hyd-222 
Engineering Laboratories Branch HydmmUu bbocatary 
Denver, Colorado W . i t t ~ n  b~ G O  Z e  Beichlgf 
Jan~aary 8, 1952 t i a v i d  bgr A, Ja P e t m k  

Subject: Hydraulic modd ,studies of Bogsen fkun SpiP1maj. 

rIJrdrauUc mod& studiet of Boyam Dam apill.way, Figurea 1 to 
4, incluerive, conducted on a 1:@ scale modal, P i g w a s  5 to 9, incluive, 
for  the purpose ~f dacrelophg and Checking the hydfaorllc design by means 
of perfonnaoe t m t e  indicrsrted that the structure i n  gmeral wur satie- 
factory. Data and not- t a m  on the flow in the spillway approad, . 
over the spil lray craat, in the clt;illlng basin, and i n  the river clkarPael ' 

immediately downatream ahorred the design of the s t i l l i ng  basin to be the 
major problml* 

Perfommce tcwta on smm dilfsregt s tUUng brsins, Figure 17, 
war@ made * de%mdne the best m a n g a e . 2  of baffle p i e s  and silla 
and to d ~ ~ e  the most econcdoal training wal l ,  along the %right side 
of the basin that rsottld protect thb area behind the porrer~e  fraa 
waves and s p h h  originating in the sti- basin. On each of the 
seven stilling basins, teats  were condusteel to de temhe  the dm 
that aould ve the mootheat waker surface, Ffgrmrea l.8, 19, 22 8 !f (7 
?3(s), 24(a , 25(a), 38, no 29, and 38; low-t water-surfaca pmfilo, 

20- the l e m t  scour near the end of the apron, Figures 21, 22(b), 
23 b), 24 b), 25(b), 28, and 31; the moat .atable hjpdraulic Jwq; and 'Y r 
the lesat objectionable eddy i n  the flaw pa6tem darnnatrmm and to the 
left of the c t i l l ing  basin. A solrmmsry of the tea t  data on dl amam 
atzW.ing bmin dealgm is recorded i n  Figure 32. 

'Proo at%Uing besin desigPYa m e  found fn#n the  tests t o  pro- 
d.de satisfactory performancee The basin adoptad by the dsslgnanr 
wed the p p t 3 l h h r y  6tfllflPP baain design, Figwe X?, and a madif id  
right training walle The design ma satirrfactory for 
flow8 not exuseding 20,000 aeconel-feat except that teeto a h m i  the 
preliminary right training wall of the s t f l l ing  bash,  a c h  Joined 
the l e f t  rosU of the plowerhowe, to be too .low, ks it was ovareoppced 
by wavm originating in .the stQUng baain. Vafihnns metbBa& t o  pm- 
vent the tux?mlent f&w from overtopping the wall  were testads but 



the most sat:.sfactory and economical method was t o  extend the w a l l  
3-112 f e e t  i n  height, turning the top inward 3 fee t ,  a8 ahown i n  
Section G-G of Figure 3. 

The s t i l l i n g  baain recommended by the laboratory is ahown i n  
Figure 17. It m a  similar t o  tho preliminary design, except t h a t  t h e  
dentated a i l 1  a t  end of the basin was located 2k f e e t  fa r ther  down- 
stream which,  i n  e f fec t ,  lengthened the s t i l l i n g  basin. The 
performance of t h i s  design shown i n  Figures 29 and 30 compared t o  t h e  
performance of t h e  preliminary design shown i n  Figures 18 and 19 gave 
a smoother ra ter  surface i n  arid below the basin together with be t t e r  
all-around performance, For .the recolnmended design, the high point of 
the watef-surface prof i le  occurred along the high powerhouse w a l l ,  
instead of along the low tra ining w a l l  upstream, Figure 20. The jump 
was found t o  be s tab le  f o r  a greater  range of tail-water elevations than 
f o r  any other design tested,  Figure 32. Scow t e s t s  results f o r  the 
recommended design were found to  be similar t o  those of the preliaainary 
design, as can be seen by comparing Figures 21 and 31. 

Tests were conducted i n  the approach t o  the  spillway t o  
determine the e f f ec t  on spillway capacity and on flow pat terns  caused 
by t h e  relocation of the,powerhouse intake and trashrack s t ructure  t o  
a more favorable foundation, Figure 9. Relocation of the  trashrack 
proved t o  increase the spillway capacity s l igh t ly ,  Figure 11, and 
decrease the surface disturbance of the flow entaring the  right s p i l ~ -  
way bay, Figures 10 and 12.  

With the frashreck i n  i t s  f i n a l  location,  c r e s t  pressures 
were checked and extensive discharge cal ibrat ion t e s t s  perfonued, A13 
pressures recorded on the spillway c re s t  were found t o  be above 
atmospheric, except f o r  a s l i g h t  subatmoapheric pressure just  dsunatmam 
from the cl-eat near Stat ion 6+06.3 f o r  '20,000 second feet with maximum 
reservoir  surface, Figure 13. Discharge calibration t e a t s  -1-0 
conducted to  detennine the gate se t t ings  required i n  the prototype 
t o  maintain the design discharge of 20,000 second feet, Figure I&. 
The discharge coeff ic ients  fo r  both controlled and uncontrolled c res t s  
were computed and plotted i n  Figures 1 b  and 15. They were found t o  
be sat isfactory.  The discharge coeff ic ient  f o r  the controlled c r e s t  
was compared with those of other controlled crests ,  Figure 16, and 
found t o  be about 3 percent higher than the average of the  others. 

IrnRQDUCTI  ON 

Boysen Dam i s  a par t  of the Boysen U n i t  of the Missouri 
River Basin Pro$ect. It i s  located i n  a canyon on the Big Horn River 
i n  central  Nyoming, Figure 1. The dam, Figure 2, i s  an earth- and 
rock-f i l l  s t ructure  approximately 1,100 feet long at the c r e s t  and 
has a height of about 150 f e e t  above the bed of the river.  

2 



ware rnnde of wood and eandetd -0th. The r ad i a l  gates wore made of 
U-gage sheet metal and were p imted  on a s ing le  length of 1/8-inch 
:round rod tha t  &ended from one t ra ining w e l l  to the  other through 

the  center pier. The gate  seal between the  upstream face  of the  gate  
anci the  head w a l l ,  Figure 4, waa a l/8-inch-thick rubber f l a p  attached 
t o  the  model head w a l l .  The surfaces of the  t ra ining walls and the  
approach wing w d l s  were made of sheet  metal i n  t h e  model. 

The trashrack s t ruc ture  f o r  the intake t o  t h e  ou t l e t  tunnels 
was constructed of mod and covered with u i r e  mesh t o  represent the  
trashracks. Tunnels, through which water was passed t o  t h e  power p l a n t  
and the ou t le t  workssti l l ing basin, were represented by two 2-1/2-inch 
metal pipes. I n  t he  model, one pipe supplied the  power plant while the  
other  supplied the ou t l e t  m r k s  as shown in Figure 6. A gate valve was 
i n s t a l l ed  in each f o r  control  of t he  discharges. The l e f t  w a l l  of t h e  
powerhouse joined the r i gh t  t ra in ing  w a l l  of t h e  apfllway s t i l l i n g  baain, 
and the  r ight  w a l l  of the  powerhouee wals t he  l i m i t  of t he  model i n  t h e  
t ramverse  direct ion t o  the  right.  openings from d r a f t  tubes m d  frcm 
t h e  ou t le t  works s t i l l i n g  pool were made t o  sca le  i n  the  dormstream face  
of the  paverhouse. A separate model of the  ou t l e t  mrke a t i l l l n g  b a e h  
was also constructed and tes ted,  and i s  discussed in Hydraulic Laboratory 
Report No. Hyd-283". The model powerhouse was par t i t ioned into two 
sections--one sect ion f o r  passing the  power plant discharge and the  
other  f o r  p~ , j s ing  the ou t l e t  works discharge. Both t h e  power plant and 
the  ou t l e t  mrh sec t iora re re  provided in  the model. with rock baf f les  
'to insure unibody dis t r ibuted flow leaving the  power plant s t ructure .  

An erodible bed was included i n  the  modal t o  determine the 
r e l a t i v e  extent and depth of erosion occurring f o r  one a t i l l*  basin 
design as compared t o  t h a t  occurring f o r  another. This bed, extad-  
ing downstream from the end of the  apron, shown in Figure 7, waa 
molded i n  sand except fo r  a rock outcsop shown i n  Section H-H of 
Figure 3. This expsed rock w a s  believed capable of nithetanding the 
veloci t ies  and erosion e f fec t s  expected from the spillway operations, 
and consequently, it w a s  molded of concrete mortar i n  the model ae 
shown i n  Section C-C of Figure 5. The r i gh t  and l e f t  banks of the  
r i v e r  channel downstream from the s t i l l i n g  basin, shown in Figure t 3 ,  
were also molded of concrete mortar placed on metal l a t h  and shaped 
t o  the prototype r i v e r  contours. A sample of the  sand used i n  the 
erodible bed had the  following analysis: 

*Hyd-283 "Hydraulic Model Studies of Boysen Outletsn by E. J. Ruaho 



i n  t h e  r i g h t  abutment .- The s p i l l w a y  cres t  -is at el&stion i700, 52 f eet 
below t h e  maximum water surface of t he  reservoir ,  o r  25 f s e t  below t he  
n o m l  water swface.  The n o w  is controlled by two 30- by 25-foot 
radial gates t h a t  a r e  l imi ted  t o  a maximum v a r t i c a l  opening of 16 feet, 
as shown i n  Figure 4. Tke spillway is deaigned to pnss a maxirmna &a- 

8 charge of 20,000 eecond f s e t  which corneaponds t o  a discharge of 333 
second f e e t  per foot  of creat  length, with heads ranging from 24 t o  
52 fee t .  Flow drop8 a v e r t i c d  distance of 106 f e e t  in a hosisonbal 

s distance of 279 f e e t  rneaaured from the  axis of tho  c ree t  to  t he  upst-~eam 
end of the  s t i l l i n g  basin f loor .  The s t i l l i n g  basin is 66 f e e t  wide by 
103 f e a t  lorig, measured from the  upstream end of the  e t i l l i n g  basin 
f l oo r  to  t he  downstream edge of the dentated and sill. Chute block8 
located a t  t he  upstream end of t he  s t i l l i n g  basin are 4 feet high. 
The dentatsd end s i l l  io 19 f e e t  long i n  the  direct ion of flow and the  
dent i l s  on the  sill a r e  8 feet 9 inches high. The f l oo r  of' t he  s t i l l i n g  
basin is a concrete horizontal  apron t h a t  extends 48 f e e t  beyond t h e  
end s i l l .  Stilling basin t ra ining w a l l 8  of the  preliminary design n e e  
41 f ee t  above the s t i l l i n g  basin  floor;  but; as the r e s u l t  of model t e s t s ,  
a portion of the  r igh t  training w a l l  was raised 3-1/2 feet higher and turned 
inward 3 feet ers shorn in  Section G-G of Figure 3. 

The powerhouse, which houses the stilling basin of the o u t l e t  
work8 as well as t h e  power p lan t ,  is located immediately t o  the  right . 
of t he  spillway stilling b a s h  aa shown i n  Figures 2 and 3.  The o u t l e t  
tumel intake and trashrack s t ruc ture  was located o r ig ina l ly  aa e h m  
i n  tho  modal lay-out, Figure 5, but  was relocated ae shown i n  F-rea 2 
and 30 

1 THE MODEL 

I The model shown i n  Figures 5 through 9 nacl a 1:48 sca l e  
reproduction of t he  spillway and surrounding area* It was comtructed 
and t es ted  i n  the  Bureau of Reclamation Hydraulic Laboratory at t he  
Denver Federal Center. The reservoir  was reproduced f o r  a distance of 
320 f e e t  upstream f r o m  the  spillway and the  river channel f o r  a distance 
of 430 feet  downstream f r o m  t h e  end of t h e  apron, 

1 Topography i n  t h e  reservoir area of the  model was m l d e d  of 
concrete mortar placed on m e t d .  l a th .  Mod01 surfaces simulating non- 
concrete surfaces on the  prototyps, such as topography, were given a 
rough f i n i s h  w h i l e  aurfaces simulating prototype concrete were f inished 
mooth. The concrete spillway and s t i l l i n g  basin were molded i n  cement 
mortar using sheet m e t a l  templates to accurately define t h e  aurface. 
Piezometers of 1/16-inch-imide-diameter copper tubing, soldered to t h e  
center t a p l a t e  of t h e  r ight  apillway bay, were placed f luah and m d  
to the  surfaae. The, center pier, chute blocks, and the  dentated eill 



Ps.asing a No. 1, e i w e  . . . 100 percent 
Pmsing a No. 8 aicnre . . 91 percent 
Passlng a No, 16 sieve . . . 63 percent 
Paasing a No. 30 aiave . . . 2'1 percent 
Passing a No. 50 sieve . . . 3 percent 
Passing a No. 100 e i w e  . . . 0 percent 

Water was supplied to  the modal by a portable 6-inch grmq, 
6 

through an &.inch l ine.  The discharges were measured by an 8-inch 
o r i f i ce  Venturi meter placed i n  the supply line. The reservoir and 
t d l - n a t e r  elevations were measured by a hook gage within a w e l l  and 
a point gage, respsatively, and were located in  the inodel as ahown 
i n  Figure 5. The t a i l w a t e r  elevation was controlled by an ad3wtable 
gate a t  the extreme downstream end of the model. Model tail-water set- 
tings were determined from the tail-ter curvets shown i n  Figure 3. 

THE INVIFSTIGATION 
I 

The investigation was a study of f lm conditions throughout 
the structure which includM: the study of flaw conditiorra in the  
spillway approach including t h e  effect of relocating the  trashrack 
atructure; the  study of flow over the creat, including the calibration 
of the  contmlJ.ed crest  for de-the gate opening necessary to. 
maintain 20,000 second f e e t  discharge; the study of flow i n  the stilliag 
basin, including the  test ing of the preliminary design and aix .other 
designs which were modifications of the ba f f l e  pier arrangement in the 
preliminary basin; and the test ing of tlro l~odPiicationa pf the  s t i l l i n g  
baein training w a l l  design. The investigation waa prhwi lg .  concerned 
with the  performance of the spillway discharging a r tmxhm capacity of 
35,000 becond fee t  with t h e  reservoir a t  mnrlrmun levelp alevation 4752 
and with the  gates open Lo t h e  16-foot U t .  Consideration wan &o 
givm t o  the behavior of t h e  spillway diecharging 20,000 second f e e t  
since thia  was to  be the normal maximum quantity of flow. After the  
f i r s t  six stilling basin designs had been tes ted  and just pr ior  to the 
test ing of the recornended deaign, it was learned tha t  the flow .nas 
never to exceed 20,000 second fee t ,  unless the spillway gat- were 
unintentionally opened to more than tha t  specified for  maintaining 
20,000 second f e e t  o r  unless an emergency conat ion  developed, 

S~illwav Approach 

The spillway spproaoh topography and the location of the 
t r a h r a c k  atructure a t  the intake portal ta the out le t  work% and power- - 
home tunnela as original ly planned i a  shown i n  the model lay-ctut of 
Figure 5 and i n  the photograph of Figure !?(a). After testa had bean 
made on the o ~ i g i n a l  arrangement, the intake portal  and tr,?shmclr atrue- 
t u n  were relocated by the designers as a resu l t  of f i e ld  invsat3gatPdzyl 
which disclosed tha t  the founda%ion conditions i n  the  original  location 



Figure 6, and by photograph i n -  F igurs  Y(b), proved more favorable  
even though the s t r u c t u r e  was more d i r e c t l y  i n  t h e  approach t o  t h e  
spill 'uay. 

Flows were observed f o r  bo th  l o c a t i o n s  of t h e  t r a sh rack  . 
s t r u c t u r e .  The l a t t e r  l o c a t i o n  proved t o  cause l e s s  d i s turbance  i n  
t h e  sp i l lway apprsach flow a s  can be seen by c.nnparing t h e  water  
surfocp roughness i n  the  r i g h t  approach t o  t h e  sp i l lway  i n  F igures  
l O ( a )  and 1 0 ( b ) .  Apparently, when the  t r a sh rack  s t r u c t u r e  was i n  

8 

i t s  o r i g i n a l  l oca t i cn , f low over t he  underwater embankment betwesn 
t h e  sp i l lway azproach channel and t h e  t rashrack  s t r u c t u r e  shown i n  
Figure 9(a) cansed the  dis turbance.  %en t h e  t r a sh rack  was moved t o  
i t s  l a t t e r  l o c a t i o n ,  t h e  embanlment was removed, r e s u l t i n g  i n  b e t t e r  
f l w  c n n d i t i ~ n s  i n  t h e  r i g h t  appr3ach t o  t h e  spi l lway.  Free f?.ow 
9ver t he  c r e s t  Kas measured w i t h  t he  t r a sh rack  s t r u c t u r e  i n  each 
l ~ c a t i o n  t? d e t e x l n e  whether t he  sp i l lway  d ischarge  had been 
a f f e c t ~ d  by t h e  change. The measurements showed t h a t  a f t e i  re loca-  
ti33 of t h e  t r a sh racks  t n e  d ischarge  of t he  sp i l lway  was increased  
s l i g h t l y  with heads of 9 f e e t  o r  more as shorn i n  Figure 2.1. 

8hen c a l i b r a t i n g  t h s  sp i l lway  c r e s t  lpith t h e  t r a sh rack  
s t r u c t u r e  i n  i t s  l a t t e r  l o c a t i o n  and t h e  g a t e s  f u l l y  open, it was 
found t h a t  with headwaters above e l e v a t i m  h710 the  r e s e r v o i r  su r f ace  
came i n  c s n t a c t  with the bottom edge of t h e  l e f t  r a d i a l  gat2 before  
t h a t  of the  r i g h t ,  i n d i c a t i n g  t h a t  t h e  t r a sh rack  s t r u c t u r e  was 
d i r e c t i n g  a p a r t  of t h e  f low i n t o  the  l e f t  g a t e  opening. This  
o b s e r v a t i m  was ~ 9 ~ i r 1 n e d  by photographing t h e  f low l i n e s  i n  t h i s  
a r ea  as shown i n  F i ~ u r e  12. The f low l i n e s  were p h ~ t o g r a p h e d  using 
a 1/2-second axposure. They show c l e a r l y  t h a t  t h e  t r a sh rack  i s  
d i r e c t i n g  flow, which wod.d normally e n t e r  t h e  r i g h t  bay, i n t o  t h e  
l e f t  bay; thereby,  causing the  water a t  t h e  l e f t  bay t o  p i l e  up, so 
t o  speak, t o  a s l i g h t l y  g r e a t e r  e l eva t ion .  However, s i n c c  t h e  
d i f f e r e n c e  i n  q u a n t i t y  of  d i scharge  i n  t h e  two bays was s m a l l  and 
caused no u n f a v ~ r a 5 l e  problems of any consequence i n  any p a r t  
of t h e  s t r u c t u r e ,  n? f u r t h e r  e f f o r t s  'sere made t o  improve t h e  
en t rance  cond? t ions .  Furthermore, s i n c e  the  flow normally i s  con- 
t r o l l e d ,  t h e  p ~ o l l n g  e f f e c t  caused by the p a r t i a l l y  open gates 
reduces t h e  u!leaual flow d i s t r i b u t i q n  t o  a n e g l i g i b l e  amowt.  The 
new l o c a t i 3 n  of t h e  t rashrack  s t r u c t u r e  w a s  t h e r e f o r e  considered 
s a t i s f a c t o r y  from a hydraul ic  s t a n d p i n t .  

3 i l l w a y  Crest and Gates 

Pres sa re s  on t h e  sp i l lway  c r e s t  were recorded f o r  flows of 
20,000 secgnd f e e t  w i t h  r e s e r v o i r  e l e v a t i o n s  h724, h73l.1, h7L3, and h752 
and the  corresponding necessary g a t e  openings. A l l  p r e s su re s  recorded 
were above atmospheric,  except  j u s t  dormstream from t h e  c r e s t  i n  t h e  1 

v i c i n i t y  of S t a t i o n  6+05.3, where the  p re s su re  dropped t o  0.7 f o o t  of  



L,752, as shown in" Figure 13 

With the trashrack relocated, spillway discharge curves f o r  
the  uncontrolled c res t  and for  a gate controlled c r e s t  with openings 
of 6, 8, 10, 12, 14, and 16 f e e t  were obtained from model cal ibrat ion 
t e s t s  and a re  shown i n  Figure U. The maximum possible discharge was 
found t o  be 3L,R00 second f e e t  when the gates were open the r n a c h m  
l im i t  of 16 f e e t  and the reservoir  was a t  maximurn elevation 4752. 
However, it i s  planned t h a t  the  rrrototype spillway discharge w i l l  be 
controlled by se t t ing  the gates t o  maintain a discharge of not more 
than 2@,000 second f e e t  a t  a l l  times. Both gates a re  t o  be opened the  
same amount. The gate opening required t o  maintain 20,000 second f e e t  
f o r  any reservoir  elevation ketneen 4724 and 4752 rres determined and 
is shown by the gate, opening curve for. Q ' 20,000 second f ee t  i n  Figure 
u. 

Using t h e  gate  controlled discharge curves i n  Figure 14, t he  
value of the  discharge coefficient-  irs co ted f o r  the  controlled crest 
i n  the  equation: Q = 2 h  CdL2g ( ~ 1 2  - hyD) ,  where P i s  the  t o t a l  
discharge in cubic f e e t  per second, Cd i o  the discharge coefficient,  L 
i s  the c res t  length excluding the  width of  pier ,  H is  the difference in 
elevation between t h e  reservoir  water surface and t h e  cres t ,  and h i s  
(H-D) where D is  t h e  gate  opening; the  gate opening being the  d i f f e r m c e  
i n  elevation between the  spillway cr5s t and the lower edge of the  gate. 
The coefficient,  C: , was plotted against  HID, as shown i n  Figure 15. 
Figure 7 of Hydra 9 ic Laboratory Report 80. Eyd-lOT, reproduced i n  t h i s  , 
report  as Figure 16, show similar coefficients obtained f o r  six other 
gats-controlled crester. A comparison of Figures 15  and 16 shows t h a t  the  
controlled c res t  coeff ic ients  f o r  Boyaen Darn spillway are approximately 
3 percent higher than the  averase of those f o r  the others. 

The discharge coeff ic ient  as a l so  computed f o r  an uncontrolled 
c r e s t  using the  equation: Q = CLH3K, where C is the  discharge coof- 
f i c i e n t ,  The coef'ficient plot ted against head i s  ehown i n  Figure 3.4. 
A t  about reservoir  elevation 4720, where t he  gates begin t o  control  the  
flow, t h e  discharge coeff ic ient  of the f r ee  c r e s t  i s  3.30, which under 
other circumstances might be considered low, Since the  flow normally 
i s  ta be controlled by the gates,  it was not prac t ica l  to attempt t o  
increase the coefficient of discharge f o r  t he  uncontrolled crest .  

*Hyd-109 "Hydraulic Model Studies of Granby Dam Spillway," 
Colorado-Big Thompson Project ,  by R. R . Porneroy 



no appreciable su.batmospheric pressures were obsexved on the c r e s t ,  
t he  preliminary spillway c r e s t  and gate arrangement shown i n  Figure 4 
was considered satisfactory.  

4 

Preliminam still in^ Basin 

Descr i~ t ion .  The preliminary s t i l l i n g  basin,  shown i n  Figure 3 - 
and i n  plan i n  Figure l", was 66 f e e t  wide by 103 f e e t  long frcin~ chute 

* 

blocks t o  downstream edge of t he  dentated end sil l  plus 48 f e e t  of 
concrete apmn extending beyond the  end sill. Training walls along each 
s ide  of the s t i l l i n g  basin mse 41 feet fran the  basin floor.  The down- 
stream end of the  right-hand t r a in ing  w a l l  of the s t a l i n g  basin joined 
the  upstream end of the  l e f t  powerhouse wall. 

Normally, the  maximum quantity of flow was t o  be 20,000 second 
f ee t ,  while the  maximum capacity of the  spillway was 35,000 second f s e t  
discha~ging through two 16-foot gate openings with a head on the  c res t  
of 52 fee t .  The maximum flow corresponds t o  a unit flow entering the  
s t i l l i n g  basin of 530 second f e e t  per foot  of width. Length of the  
~ t i i l i~lg  basin from chute blocks t o  downstream edge of dentsted cnd s i l l  
i n  terms of 35,000 second f s e t  was 2.5d where d2 i s  t h e  difference i n  
elevation between the  t a i l  water and st&ing basm f loor .  L e h  of 
t h e  s t i l l i np ,  basin from chute blocks t o  upstream face of den t i l s  was 
approximately 2d2 and the height of den t i l s  on the  dentated end sill 
was approximately l/5d2. Therefore, f o r  the  m m u m  flow of 35,000 
second f e e t ,  it is apparent t h a t  t h e  s t i l l i n g  basin i s  amall, but 
because of foundation and other  conditions it was found by the  designers 
t o  be very uneconomical t o  design it longer, wider, o r  deeper. 

For 20,000 second f e e t  the  ta i lwater  elevation i s  l e s s ,  thu5 dp 
i s  smaller; therefore, the  length of s t i l l i n g  basin from chute blocks 
t o  downstream edge of dentated end s i l l  was 3d , while t h e  height of 
the  den t i l s  on the dentated s i l l  was 1/4d2. ~ 8 e  flow enter ing the 
s t i l l i n g  basin was about 300 second f e e t  per uni t  foot  of width. For 
t h e  nomal  flow it i~ thus apparent t h a t  the  basin proportions a r e  more 
nearly correct .  

General performance. The s t i l l i n g  basin was t es ted  f o r  flows 
of 20,000 and 35,000 second feet.  The w a t e ~ s u r f a c e  through the  s t i l l i n g  
basin and immediately downstream was rough f o r  discharges of 20,000. 

I second f e e t  and exceedingly rough f o r  35,000 second feet, as shown i n  
I Figures 18  and 19. For 35,000 second f e e t  a very high b o i l  can be 

observed over t he  dentated sill. The average wate-surface prof i le  
. 

measured along t he  r igh t  t ra in ing  w a l l  i s  shown i n  Figure 20 for both 
20,000 and 35,000 second feet .  



Rinht t~aininn w a l l .  The right-hand t ra ining w a l l  joinPng 
t h e  left-hand powerhouse w a l l -  overtopped by t h e  splash and boi l  
i n  the  stilling basin f o r  discharges of 20,000 eecond f e e t  and greater. 
One plrpaoe of thia  t ra in ing  w a l l  was t o  protect  an area behind the  
powerhouse which was backfi l led with rook and drained by a 4-inch 
drain t o  the  p a r h o u s e  sump. Therefore, it was desirable t o  keep 
the  quantity of f l ~ w  overtapping the  right-hand t ra in ing  w a l l  to a 
minimum. To rwedy t h e  overtopping condition, t he  w a l l  saten- 
upstream from the powerhouse was increased 16 f e e t  i n  height f o r  a 
distance of 40 feet .  This proved t o  be ample f o r  the mudmum poesible 
diecharge of 35,000 second f e e t  and wan adopted f o r  use with the next 
f i v e  erucceedlng s t i l l i n g  basin designs tested.  

The w a l l  recommended f o r  prototype construction, howwer, was 
developed af te r  completion of testis on f i v e  of t h e  succeeding stilling 
b a s h ,  f o r  it aes not learned u n t i l  t h  t h a t  the  s t i l l i n g  bprsin muld 
seldom i f  evef be required t o  handle more than 20,000 second f e d ;  and, 
therefore,  a more economical wal l .  could be used. The preUminary w a l l ,  
increased 3-1/2 f e e t  in height, w a ~  combined with a sea w a l l  U p  
projecting inward 3 f ee t ,  as ahown in Section G-6 of Figure 3, and 
extended I$ f ee t  upstream from t h e  powerhouse. Thia d, reconmended 
f o r  the  prototype, confinred t h e  waves to t he  s t i U n g  b a s b  and was ample 
f o r  discharges up t o  20,000 second feet .  I f ,  inadvertently, higher 
discharges occurred t h e  w a l l  would alao a id  in confining the  bo i l  to 
t h e  s t i l l i n g  basin. Unless t h e  prellminesy d rrers increased a t  l e e e t  
3-1/2 f e e t  i n  height t he  projecting sea w a l l  U p  proved %o be re l a t ive ly  
ineffective.  The recommended wall thus served t he  purpoee of the higher 
wall and was more e c o d c a l  t o  comtruct. 

H e a u U c  Amp s t a b i l i t y b  S t a b i l i t y  of t h e  hydraulic jump 
i n  t h e  baein of t he  preliminary design was considered adequate. For 
a flow of 35,000 second f ee t ,  it was possible to loner t he  tail water 
6 f e a t  below the normal expected t a i l  water before  the  hydraulic jump 
was swept from the  apron. Once the  jump was m e p t  from the  apron, it 
was neceesmy to r a i s e  t h e  W water t o  3 f e e t  belor t h e  nomal ex- 
pected t a i l  water before the jump f e l l b a a k  on the  apron. 

Erosion. The purpose of the  eoour t e s t a  was (1)  t o  evaluate t he  
erosion forces downstream from the  end of the  apron d a t i n g  i n  one 

of the s t i l l i n g  basin and compare them t o  thoue existing in another, 
and desiy 2) to determine whether eroded material su f f i c i en t  t o  a f f ec t  power- 
house operation m u l d  deposit at the d ra f t  tube d t s  ae a resu l t  of 
spillway operation. Thirty-minute model scour t e s t a  were run, each 
beginning with the o r ig ina l  riverbed contours formed in sand as shorn 
i n  Figure 7, A rock ledge along. the powerhouse w a l l  and d e n d i n g  
downstream from the end of the  apron, as 8h0m in Figure 5 ,  was fomed 
of concrete i n  the model since it was believed t h a t  t he  rock ledge 
would res ia t  erosion in the prototype. 



I The first scour t e s t  was run with a discharge of 20,000 
maximum depth of scour was to elevation 

4590 near the eGd of t h e  apron o r  f+ f e e t  below the apron elevation. A 
s m a l l  amount of sand was carr ied  upstream and deposited on t h e  apron 
near t h e  powerhouse s ide  of the  s t i l l i n g  basin. No sediment was depos- 
i t ed  near the d r a f t  tube exits, instead some scour occurred. 4.  

A second scour t e s t  was run w i t h  a discharge of 35,000 
second f ee t ,  Figure 21(b).  The maximum depth of scour was t o  elevatior. 
4587 o r  7 f ee t  belou t h e  apron elevat ion over a l a r g e r  a rea  downstream 

t 

and t o  the l e f t  of  tha  apron. The scour downstream t o  t he  l e f t  of the  
apron was along the t o e  of the dam and was caused by a l a rge  but slow 
velocity eddy i n  that area.  The erosion was considered excessive. No 
material was deposited near the d r a f t  tube exits; ins tead,  scour occured 

I S t i l l i n g  basin erosion t e s t s  were a l s o  run with the  power 
plant d i s c r h a r ~ i n ~  i ts  maximum flow of 2.330 second f e a t  and t h e  o u t l e t  
works discharging its maximum of l ,k80 second f e e t  while t h e  spillway 
was discharging 20,900 second feet f o r  one t e s t  and 35,000 second f e e t  
f o r  another. I n  both t e s t s ,  t h e  scour pat tern  near t h e  d r a f t  tubes was 
l i t t l e  af fec ted  b y  t h e  power plant  and ou t l e t  works discharges.  Scc- 
ceeding scour tes ts  Ki th  vakious s t i l l i n g  basin designs a l s o  showed no 
d e p o s i t  ion of material near  the powerhouse draft tubes. 

?!odlficat!on i imi te t ions .  Since a t  t h i s  stage of t h e  
investigation it was required that the s t i l l i n g  bas in  be capable of 
hzx I l in6  35,JQO second f ee t  o f  flow, i t  was considered necessary t o  
~ o d r f y  t h e  s t i l l i n g  bas in  design i n  order t o  elimate t h e  excessive 
water-sxrface roughness, t h e  h i g h  bo i l  over the dentated s i l l ,  and the  
large aday causing erosion downstream and t o  the  l e f t  of the s t i l l i n g  
basin. This could be accomplished by e i t h e r  lengthening, widening, o r  
p e r h a ~ s  deepening t h e  bas in ;  bu t ,  it had been pointed out by t h e  designers 
that t o  do any on+ of these th ree  would be exceptionaUy c o s t l v  f o r  
orototype :onstmcLion. Therefore, i n  t h e  succeeding six s t i l l i n g  basin 
designs,  a t t e n p t s  t o  improve the  performance of t h e  s t i l l i n g  basin were 
made by rearra~pement of the  s i l l  and baff les .  

StiLlin~ Basin Design 2 - 
Design 2, shown in f igure  17,  used a smal ler  dentated s i l l .  

, Y  I n e  sill was reduced t o  one-half the s i z e  of the preliminary one + n  f i d n *  

t o  ro;lu:e t h e  beight of t he  bo i l  over t h e  dentated sill. and t o  smooth 
out th9 sur face  roughness. 

Flow conditions f o r  a d i ~ c h ~ r g e  of 35,000 second f e e t  a re  
shorn i n  Figure 22(a). The, water surface was not nearly as rough as 



the r ight  training w a l l  f o r  discharges of 20,000 and 35,000 second 
f e a t  were not nearly as high throughout the basin aa those of the 
preliminary deeign as shown in Figure 20. The s t a b i l i t y  of the  jarmp, 
however, was not good for  flows of 35,000 second feet ,  as the  jrrmp 
was swept f r o m  the apmr. when the t a i l  water re8 lowered only 0.2 of 
a foot below n o d  expected t a i l  water and it was necessary t o  raiae 
the  t a i l  water 0.6 of a foot above normal t a i l  water before the  j\llmp 
f e l l  back on the apron. An eroaion t e s t  with a discharge of 20,000 

P second f e e t  shoned t h a t  scour was s l igh t ly  less severe than tha t  which 
occurred f o r  the preliminary design, aa can be seen by comparing Figure 
22(b) with Fijpre 21(a). For 35,000 aecond fee t  comiderable scour 
was caused, sa i n  the preliminary design, by the  large eddy downstrema 
and t o  the l e f t  of t h e  e t i l l i n g  basin which appeared t o  be s l igh t ly  
swifter than the eddy observed fo r ' the  preLlminary design. 

S t i l l i n a  Basin Desi~n 3 

Design 3, shown in Figure 17, wed a modification of Design 2. 
The half-size dantated s i l l  of Design 2 was moved upstream 20 fee t  i n  
order t o  move the jump upstroam f o r  f u l l e r  use of the upper end of the 
basin; and therefore, reduce the  nuudmm height of the water surface 
profi le .  

Flow conditions wi th  a discharge of  35,000 second f e e t  are 
shown i n  Figure 23(a). The water surface was very rough, much rougher 
than for the prelimiraary design, and it was impossible to  get  an accu- 
r a t e  measurement of the  water-surface profile. With 20,000 second 
fee t ,  the water surface was somewhat smoother than f o r  the prel ldnary 
design and the  boi l  was not quite a8 high as can be seen by the water- 
surface profiles i n  Figure 20. Again the jump w a j  fomd t o  be unstable 
f o r  a flow of 35,000 second fee t .  It aaa swept from the  apron when the 
t a i l  water was h e r e d  only 0.2 of a foot below the normal expected tail 
water. It vas necessary t o  raise t h e  t a i l  water 0.7 of a foot above 
normal tail water in order to  bring the j m p  back in to  the  basin. An 
erosion test was xun fo r  a flow of 20,000 aecond feet.  Scour w w  4 
feet deeper and covered a larger  area than tha t  occurring for the pre- 
l i d n a r y  design as can be seen by comparing Figure 23(b) with Figure 
21(a). For 35,000 second f e e t  scour was caused by an eddy similar b 
t h a t  of the preliminary design. 

S t i l l i n a  Basin Desinn 4 

Design 4, shown i n  Figure 17, wed a modification of *he preliari- 
nary design. A dentated sill was used, which was t h e  same height and 
width as the preliminary, but contained a greater number of n a r r o w e r  
dentilo. Nmwer dentnu provided about 25 percent more space between 
d e n t i b  through which the f l o w  could pass. Tine purpose of the modification 
was to lower the height of boil over the dentated afll and to reduce 
surface rsughnsss. The location of the  dentated s i l l  and other features of 
the  preliminary a t i l l i n g  basin were unaltered. 



a(&). The water surface  downstream from the  bas in  was smoother than 
t h a t  of the  preliminary a s  can be seen by comparing Fi-re *(a) with 
Figure 19. Watersurface  p ro f i l e s  along t h e  r i gh t  t r a i n ing  w a l l  were 
considerably lower than those of t h s  preliminary design f o r  discharges 
of both 20,000 and 35,000 second f e e t  a s  can be seen i n  Figure 20. w 

Sweep-out tests, however, proved t h e  jump t o  be not so  s t a b l e  as i n  
the  preliminary. For a flow of 35,000 second f e e t ,  t h e  jump was 
swept from the  apron when the  t a i l  water was lowered 3.2 f e a t  below f 

normal expected t a i l  water, and t h e  jump did  not f a l l  back on t h e  
apron u n t i l  t h e  t a i l  water was ra ised t o  1.5 f e e t  below n o m d .  An 
erosion t e s t  was run with a flow of 20,000 second fee t .  Scour wae 
2 f e e t  deeper and covered a l a r g e r  a rea  than t h a t  which occurred for  
the  preliminary design as can be seen by comparing Figure 24(b) with 
Figure 21(a). For 35,000 second f e a t  t h e  eddy downstream and t o  t h e  
l e f t  of the  s t i l l i n g  basin was a l i t t l e  swi f te r  than t h a t  observed i n  
the  preliminary design. 

S t i l l i n g  Basin Desim 5 

Design 5 ,  shown i n  Figure 17, used t he  preliminary design 
with an addi t ional  intermediate dentated s i l l  located between t h e  
chute blocks and the  ex i s t ing  dentate4 sill. The purpose of the  . 
modification was t o  f i l l  the  upstream port ion of t he  s t i l l i n g  basin 
more completely and thereby reduce the  b o i l  height downstream. m e  
i n t emed ia t e  s i l l  was one-half t h e  s i z e  of t he  end si l l .  

Flow condit ions showed t h e  hydraulic jump t o  be l e s s  s t ab l e  
than f o r  any design tes ted .  Fo r  35,000 second f e e t  t h e  jurrp was swept 
from the  apron even a t  normal t a i l  water. The j m p  l e f t  the  apron at  
the intermediate dentated s i l l  as shown i n  Figure 25(a). For a d i s -  
charge of 20,000 second f e e t ,  t h e  jump f i l l e d  t he  basin more completely 
than f o r  any design thus  far t es ted .  A waterssurface p r o f i l e  f o r  
20,002 second f e e t  was ~eco rded  and plotted i n  Figure 20. It show t h a t  
the  s t i l l i c g  basin i s  being cut  t c  f u l l e r  use. An erosion t e s t  f o r  a 
discharge of 20,000 second feet showed t h a t  scour r-as 5 f e e t  deeper and 
covered a, l a r g e r  area  t h a n  t ha t  wnich occurred f o r  t he  preliminary d e  
sign a s  can be seen by comparing Figure 25(b) with Figure 21(a). 

S t i l l i n g  Basin Desim 6 

For Design 6, shown i n  Figure 17,  the  intermediate sill of 
Design 5 was replaced with ba f f l e  p i e r s  t h a t  were of t he  ama s i z e  and 
spacing as t h e  d e n t i l s  on t he  intermediate sill. This  was done because 

I it was apparent t h a t  t he  s i l l  of Design 5 was def lec t ing  t h e  high- 

I veloci ty  on t h e  f l o o r  of t he  s t i l l i n g  bas in  upward i n t o  t h e  air, causing 
t he  jump t o  sweep out. 



f e e t  a r e  shown i n  Figures 26 and 27, respectively. For both discharges, 
t he  water surface was smoother than t h a t  i n  the  preliminary design as  
can be seen by comparing Figures 26 and 27 with Figures 18 and 19. For 
both discharges t he  d e r - s u r f a c e  prof i le  was somewhat l m e r  than f o r  
t h e  preliminary design. For 35,000 second f e e t ,  s t a b i l i t y  of the  jump 
was not good, as the  Jump was awept from t he  apron when the tail water 
was h e r e d  only 3.3 f e e t  below normal expected t a i l  water, and it w a s  
neceaaary t o  r a i s e  the  t a i l  water 2.2 f e e t  above normal i n  order t o  
bring the  jump back on t h e  apron. Erosion t e s t s  f o r  -20,000 and 35,000 
second f e e t  were run. Scour f o r  20,000 aecond f e e t  m a  1 f ~ o t  deeper and 
covered a aUghtPy la rger  area than t h a t  of the  preliminary design as 
can be seen by comparing Figure 28(a) with Figure 21(a). Depth of acour 
f o r  35,000 aecond f e e t  was 2 f e e t  l e s s  than tha t  of t he  preliminary design 
and not so extensive ss can be seen by comparing Figure 28(b) with 
Figure 21(b). The la rge  eddy downstream and t o  the  l e f t  of the  s t i l l i n g  
b a s h  was hardly distinguishable; and therefore, very l i t t l e  erosion 
occurred i n  t h a t  areao 

Recowended S t i l l i n a  Basin 

A t  t h i s  s tage  i n  the  investigation it was learned t h a t  the  
s t i l l i n g  basin would not be  required t o  handle more than 20,000 second 
f e e t  unless the  spillway gates were accidentally opened greater  than . 
specified by the gate  opening curve of Figure l.4 or' unless an emergency 
developed. Therefore, and because of an immediate need f o r  f i e l d  
drawings, the  desieners adopted the preliminary s t i l l i n g  basin design f o r  
prototype construction. The sill  and b a f f l e  p ie r  arrangement of t h a t  
design was considered sa t i s fac tory  f o r  f l o m  up t o  20,000 second f e e t  and 
was b e t t e r  than any arrangment thus f a r  tes ted,  However, t e s t i ng  was 
continued i n  an e f fo r t  t o  improve the basin perfonance f o r  t he  expected 
maxirmun flow of 20,000 second f e e t  and f o r  emergency operation at 35,000 
second feet .  A s  a r e su l t ,  the  recommended design was developed but not 
i n  time f o r  use on the prototype. 

Description. I n  the  design recornended by the  laboratory, t h e  
dentated s i l l  of t h e  preliminary dwign  was rslocated 24 f e e t  downstream 
from its prel-ary posit ion as  shorn i n  Figure 17, making t h e  total 
length of the s t i l l i n g  basin fmm chute blocks to downatream edge of end 
s i l l  U.4 fee t ,  o r ,  f o r  35,000 second f e e t  about 3.5 (d2) as compared t o  
2.5 (d  ) i n  the  preliminary design. This was the  limit t o  which the  s i l l  

2 could e mved damstream without lengthening the  l e f t  t ra ining w a l l .  
Lengthening t h i s  w a l l  was considered economically impractical by t h e  
designers. It was axpectel t ha t  moving t h e  sill domtream would also 
nove t h e  h igh  point of t he  b o i l  downstream so t h a t  it would occur adjacent 
tc the high powerhouse wall ra ther  than f a r the r  upstream adjacent t o  the 
lower t ra ining w a l l .  



Gonerel verfoxmanca. Flow conditions f o r  dachargea of 
20,000 and 35,000 aacond feet a r e  shcm in Figures 29 and 30, respect- 
ively. Water surfaces f o r  both diecharges were much smother  than f o r  
t h e  same discharges i n  the  prelinclnery design as can be seen by com- 
paring Figures 29 avld 30 d t h  Figures 18 and 19. However, f o r  3 5 , W  
second feet ,  t he  watar aurfaea was st-ill rough indicating incomplete 
energy diaaipation. It was, theref'ore, recornended t h a t  thirr baein 
be used t o  hand3e 35,000 second feet ,  only f o r  anerg-cy condi%ione. 
The height of b o i l  f o r  both 20,000 and 35,000 second f e e t  was nearly 
t h e  same as in the  pmliminary design but t h e  high polnt of the  b o i l  
m s  moved dormstream so  t h a t  it occurred adjaceilt t o  t h e  powerhouse as 
shorn i n  Figure 20. C o n s q e n t l y ,  n i t h  this location of t h e  end sill. 
t h e  t ra in ing  walls were sa t i s fac tory  as preliminarily designed. 

Hmlraullc d u m ~  s t ab i l i t p .  The s t a b i l i t y  of t h e  jump was 
t es ted  and found t o  be sat isfactory.  With a djlecharge of 35,000 
second f e e t  t he  tail water nas lowere+ 6,8 f o e t  below noimral sapacted 
tail water deva t ion  before the  jump was swept f r o m  t h e  apron and it 
was necessary t o  raPae the, tail. water only 1.8 f e e t ,  o r  t o  5 f e e t  
below normal before t h e  jump f e l l  back on the  apron. For 20,000 second 
feet it oras d i f f i c u l t  t o  m e p  t h e  jump out of t he  s t l l l h g  basin. 
Thsee figures indica te  a greater  margin of eafety against arreep out  
than fop any o t h e r  design tested.  

Emaion. Scour test r e su l t s  with diachmgea of 20,080 and 
35,000 second f e e t  rere almoet ident ica l  to those of t h e  r e w y  
design as can be neen by comparing Figures 31(a) and 3 i (b  5) w i t h  
Figures  21(a) and 21(b), with t h e  eacception t h a t  f o r  each tes t  much 
more bed material  rrss carr ied upstream and deposited on t h e  apron 
near t h e  powerhouse w a l l .  This was probably due to  the  p u n d  rollar 
occurring a t  t h e  end of t he  paving which might tend to prment  unde r  

of the  apron. For flm of 35,000 second fee t ,  eacessivs 
scouring occurred d m t r e a m  and to the  l e f t  of t h e  stilling baain as 
was the  case in  moat of t h e  other  dseigns. ghla erosion nsa again due 
t o  t h e  la rge  eddy i n  th ia  area. For flm of 20,080 second feet t he  
eddy and the  scour resul t ing from it were nonadetent. No sediment 
was despoited a t  t h e  exits of t h e  d ra f t  tubes i n  e f t h e r t e s t .  



Conclueio~. Comparing the performance photsgraphe of the 
various stilling basin designs, the water-mrf ace prwfilm in Figure 20, 
and the data uummrizgd i n  Figure 32; it is concluded that the rerr- 
mended stilling baain provides the  beat pmtection to the parerhouse, 
the s t i l l i n g  bmin i t e e l f ,  and t o  the river channel downatremu. There- 
fore, it was racamaended by the Hydraulic Laboratory far  we in the 

a prototype structure. However, the designera, pressed for f l d d  
construction drmd4p, had prcrvlausly adopted the prrr'l.lmtnnl.y design a d  
the modified right trahing w a l l  which was termed sz e e t t i a i a c t o ~  schslne 

v for the anticipated muchum flow of 20,W second feet. The designera 
felt that the deaign recommended by the laboratory did not ahm I!&- 

f ic ient  iraprovemsnt in   pera at ion to warrant revieion of comtnaotion 
ahich was (alkeady in progrws. 



Scheme One 

ImOIXICTION 

Prior tx, the  investigation described in the preceding section 
of this report, a complete model atudy of $he spillway initially pru- 
posed f o r  Boysen Dam was made during the period January 1946 to Novsmbsr 
1946. The structure proposed a t  tha t  time waa quite  cliff srent f r a m  the  
more recent design described in the preceding jection. 

I n  Scheme h e ,  Figure 33, the capacity of the spillway was to  
be 82,000 second feet ,  o r  approximately four times greater than t h a t  of 
the l a t e r  scheme. The flow was to be discharged over a crest controlled 
by two 40- by 38-foot s l ide  gates with a head of 65 feet ;  this  amounts 
t o  a concentration of 1,030 second fee t  per l inear  foot of crest  length. 
The spillway crest  was connected t o  the s t i l l i n g  basin by a longp 
diverging spillway chute making the t o t a l  length of the s tructure 600 
fee t  from spillway crest to d o a t r e a m  edge of end sill as compared 
t o  382 fee t  i n  the l a t e r  scheme. The ver t i ca l  drop from crest  t o  a t i l l -  
ing basin f loor  was 81 fee t ,  compared to 206 f e e t  in the second scheme. 
The s t i l l i n g  basin of Scheme One was 160 f e e t  wide by U O  feet long, 
w h i l e  the s t i l l i n g  basin of t h e  Scheme 'Prro was 66 fee t  wide by 103 f e e t  
long. Tnerefore, the average dischsrge per foot of width entering the 
stilling basin wae about 560 second fee t  f o r  the ear l ie r  scheme as 
compared t o  about 303 f o r  the later one. Length of s t i l l ing  b a ~ i n  5n I 

terms of d2 in both schemes was approximately 3d2. The powerhouse 
was located on the l e f t  hand side of the spillway a t l l U n g  basin. Other 
minor Uferences  bettoen Schemes One and Two may be s e a  by comparing 
Figures 33 an:! 3. 

Since Scheme One was abandoced in ' favor of Scheme k, only 
that    art of tho investigation of the first scheane which might be of 
g e n e r a  use and in teres t  will be discussed here. The model studies were 
made on a 1:60 scale model of the spillway. 

Before the  model of the initial design had bean constructed 
the length of the cki te  was reduced feet which reduced the over-all 
length of t h e  s t ructure from 600 feet, a8 defined above and shown 3.n 
Figure 33, t o  527 fee t ,  Other features of the etmcture  remained unal- 
tered from those shown in  Figure 33, The arrangement of the model used 
t o  t e s t  t h e  initial design is shown i n  Figure 34, and photographs of the 
model are shown in Figure 35. The model i n  operation showed the f ow i n  
the spillway c h ~ t e  t o  be unequally distributed across its width rrh 'i ch 
was particularly noticeable f o r  the lower discharges. F l o w  entering the  



along each s ide of the  basin. Since t h e  basin was not being u t i l i z e d  
properly o r  t o  i ts  f u l l e s t  extent, unfavorable scour patterns occurred 
i n  t he  channel downstream from the  apron. To obtain b e t t e r  d i s t r ibu t ion  
of flow entering the basin and thereby eliminate t he  excessive eddy 
action, the  t ra ining walls of the  spillway chute were r e d i n e d  so t h a t  
t he  chute divergence s t a r t ed  a t  the  spill.nray c res t  and continued mi- 
formly t o  the  point of curvature of the  steep incline.  A t  t h i s  point 
t he  t ra ining w a l l s  were turnec! pa ra l l e l  t o  the s t ruc ture  centerl ine 
and continued i n  t h i s  manner t o  and through the  s t i l l i n g  basin, ae 
shown i n  Figure 36(a). By t h i s  method the flow was expanded t o  t he  
same width as  before. Maximum width occurred upstream from the s t i l l i n g  
basin,  however, so t h a t  by the time the flow reached t h e  s t i l l i n g  basin it 
was qui te  uniformly dis t r ibuted acrGss i ts  width. Flow conditions i n  t he  
model showed a de f in i t e  improvement. . 

The spillway was calibrated f o r  f r ee  flow over t he  c r e s t  and 
the coef'ficient of discharge computed using t h e  formula Q a c L H ~ ~ .  The 
c re s t  was found to  be sa t i s fac tory  fronr the  standpoint of spillway . 
capacity. The spillway capacity and coefficient of discharge curvea 
a r e  shown i n  Figure 37. A t  t h i s  point in the  investigation addi t ional  
data were received from the f i e l d  which indicated t h a t  the  capacity of  
the  spillway was too large. From the  f i e l d  data t h e  maximum necessary 
capacity of the  spillway was deternined t o  be 62,000 second feet, 
compared to 82,000 second f e e t  i n i t i a l l y .  

Second Spillwas Desim 

Eescription. - As a result of t h e  reduced rnaxirnum capacity 
r e p i r e d  of the  spillway, the  designers seduced i ts  s ize .  The d d t h  of 
the  spillway a t  the  c res t  and a t  the s t i l l i n g  basin was reduced to 70 
f e e t  and 125 feet ,  respectively. The center pier  remained 10 feet wide 
so t h a t  the  effect ive length of the  c r e s t  was 60 feet .  The discharge 
per foo t  of c res t  length was than approximately 1,030 second f e e t  while 
the  discharge entering the s t i l l i n g  basin per foot  of width was about 
500 second feet .  The t ra in ing  w a l l  modification t h a t  proved sa t i s -  
fac tory  in the  i n i t i a l  spillway desien was not incorporated in  this 
design by the  designers as it required more concrete and therefore was 
more costly. It was hoped t h a t  unequal dis t r ibu t ion  of flow would not 
be a problem i n  the s t i l l i n g  basin of the second design. SUde gates 
were replaced by r ad i a l  gates and all length dimensions of t he  s t ruc tu re  
i n  the direct ion of flow remained t he  same as f o r  Design Qne. The model 
lay-out of the  second design is shown i n  Figure 38. 

Performance. Tests proved the  t ra in ing  w a l l  modification 
described i n  t h e  initial Spillway Desim t o  be necessary f o r  t h i a  
design also. Therefore, t he  model was modified with the divergence 



I of the incline, as ahown i n  Figure 36(b). 

A f i n  which formed a t  the dormstream end of the center 
spillway pier w a s  a b o u t  ent irely eliminated by reduchg the thickness 

b 

of the pier  irwm 10 to  6 beet. Reducing the pier  4 f e e t  i n  thicknaas 
made possible the  reduction in width of the epillrrayr a t  the gate section 
by the same amount. Thie reduction of pier  thickness was posr~ible since 
gate s l o t s  i n  the pier were eliminated by the  srritch f r o m  a l ide  t o  radial 
gates. The narrower pier, in addition, cauaed the high point of the 
water-surface profi le  along the trairling wal ls  of the  chute to  be reduced, 
making it possible, therefore, t o  reduce t h e  height of the chute training 
d s  0 

1 Second d e s i ~ n  modified. The second design of the spillway 
with training w a l l  and gate pier modifications as described in the 
preceding paragraph incorporated into the  design i s  shom i n  Figure 39. 
Photograph of the model with these two modifications instal led are 
shown i n  Figure 40. 

With these modifications instal led in the model, the spillway 
was caqdbrated f o r  free discharge over t h e  c t and the  coefficient of 
discharge computed using the i o d a  Q C T H ~ ~ .  'he spillway capacity 
curve obtained f r o m  the calibration and the coefficient of discharge 
curve are show i n  Figure 37. The spillway capacity curve shows a 
reduction i n  discharge wer tha t  of the in i t ia l  design which is due 
principally i f  not ent irely t o  the shorter length of creat since the  
diecharge per uni t  foot of crest  length i s  nearly the same i n  both eases. 
The coefficients of the two designs d i f fer  by less  than 2 percent and 
fo r  practical, purposes may be considered identical. It ia t o  ba 
expected that  the coefficients of both should be identical or nearly eo 
since the crest shape of both designs are id-ntical. 

It was necessary that  a nall be provided along the  ri&t aide 
of the channel downstream from the stilling baain i n  order to give s d e  
quate protection t o  the railroad right of way. The height and length of 
this d which extended beyond the sti l l ing.basin along the r ight  em- 
bankment was determined by the model study. The minirrmm size of riprap 
t o  protect the  riverbed and f o r  placgnsnt on the side elopes Just down- 
stream from the s t i l l i n g  basin was also determined by model teat.  
Information which might eventually be of use Fn establishing general 
design procedures includes a  rater-surface profi le  dong  the  centerline 
of the chute shown i n  Figure &I for the maxjanrm discharge wlth the gates 
m y  open, and cross sectional water-surface profiles, shom i n  Figure 42, 
taken a t  60-foot Intervals throughout the steeper portion of the spillway 
chute and the s t i l l i n g  b a s h .  















Figure 7 



I 
Discharge - 20,000 Second-feet 

BOYSEN DAM SPILLWAY 
Model In Operation 

1:48 Model 



(a) Original trashrack location and 
topography in spillway approach. 

(b) Final trashrack location and 
topography in spillway approach. 

BOYSEN DAM SPILLWAY 
Trashrack and Ts,pography in Spillway Approach 

1:48 Model 



(a) Trashrack structure in original location. 

(b) Trashrack structure in final location. 

BOYSEN DAM SPILLWAY 
Flow In The Spillway Approach 

Discharge 20,000 Second-feet And Gates Open 16 feet 
1:48 Model 

Figure 10 
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Trashrack in final location. Discharge 
20,000 second-feet. Gates open 16 feet. 
(Photo is a one-half second exposure) 

BOYSEN DAM SPILLWAY 
Flow Lines In Thc Spillway ~ ~ p r o a c h  

1 :48 Model 







NOTE 
The  c o e f f i c i e n t  o f  discharge w a s  
calculated from t he  formula 
Q = 213 C ~ L  \/Zg ( H* h M )  



HORTON'S 

C O E F F I C I E N T  OF D I S C H A R G E  

R A D I A L  G A T E S  
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(b) Looking upstream. 

BOYSEN DAM SPILLWAY 
Flow In The Preliminary Stilling Basin Design 

20,000 Second -feet 
1 :48 Model 

Figure 18 

(a) Looking toward powerhouse. Right 
training wall extended 3 - 1 / 2 feet 
higher than preliminary design by 
use of the recommended sea-wall .  



1 Figure 19 

(a) Looking toward powerhouse. Right 
training wall extended 16 feet higher 
than preliminary design. 

(b) Looking upstream. 

BOYSEN DAM SPILLWAY 
Flow In The Preliminary Stilling Basin Design 

35,000 Second -feet 
1 :48 Model 





(b) Scour pattern after operating the model 
for 30 minutes. Discharge - 35,000 
second-feet. 

BOYSEN DAM SPILLWAY 
Scour Patterns - Preliminary Stilling Basin Design 

1 :48 Model 

Figure 21 

(a! Scour pattern after operating the model 
for 30 minutes. Discharge - 20,000 
second-feet. 



(b) Scour pattern after operating the s p i l l -  
way for  30 minutes. Discharge - 
20,000 second -feet. 

BOYSEN D A M  SPILLWAY 
Flow Iri Stilling Basin Design 2And Scour Pattern 

1:48 Model 

Figure 22 

(a) Looking toward powerhouse. Right 
training wall  extended 16 feet higher 
than ne preliminary design. 
Discharge - 35,000 second-feet. 



Figure 23 

(a) Looking toward powerhouse. Right 
training wall extended 3-112 feet 
higher than preliminary design by 
use of recommended sea-wall .  
Discharge - 35,000  second-feet. 

(b) Scour pattern after operating the 
model for 30 minutes. Discharge - 
20,000 second -feet. 

BOYSEN DAM SPILLWAY 
Flow In Stilling Basin Design 3 and Scour Pattern 

1:48 Modpsl 



@) Scour pattern after operating the 
model for 30 minutes. Discharge - 
20,000 second - feet. 

EOYSEN DAM SPILLWAY 
Flow In Stilling Basin Design 4 and Scour Pattern 

1:48 Model 

Figure 24 

(a) Looki~g  toward powerhouse. Right 
training wall extended 16 feet higher 
than the preliminary design. 
Discharge - 35,000 second-feet. 



(b) Scour pattern after operating the 
model lor 30 minutes. Discharge - 
20,000 second -feet. 

BOYSEN DAM SPILL,WAY 
Flow In Stiliing Basin Design 5 and Scour Pattern 

1:48 Model 

Figure 25 

(a) Looking toward powerhouse. Right 
training wall extended 16 feet higher 
than the preliminary design. 
Discharge - 35,000 second-feet. 



(b) Looking upstream. 

BOYSEN DAM SPILLWAY 
Flow In Stilling Basin Design 6 - 20,000 Second-feet 

1:48 Model 

(a) Looking toward powerhouse. Right 
training wall extended 16 feet  higher 
than prliminary design. 



(b) Looking upstream. 

BOYSEN DAM SPILLWAY 
Flow Ln Stilling Basin Design 6 - 35, 000 Second-feet 

1:48 Model 

Figure 27 

(a) Looking toward powerhouse. Right 
training wall extended 16 feet higher 
than preliminary design. 



(a) Scour pattern after operating the model 
for 30 minutes. Discharge - 20,000 
Second-feet. 

(h) Scour pattern after operating the model 
for 30 minutes. Discharge - 35,000 
Second - feet  

BOYSEN DAM SPILLWAY 
Scour Patterns - Stilling Basin Design 6 

1:48 Model 



(b) Looking upstream. 

BOYSEX DAM SPILLWAY 
Flow In The Recommended Stilling Basin Design 

20,000 Second -feet 
1:48 Model 

Figure 29 

(a) Looking toward powerhouse. Right 
. training wall extended 3-112 feet 

higher than preliminary design by 
use of recommended sea-wall. 



Figure 30 

(a) Looking toward powerhouse. Right 
training wall extended 3 - 1 / 2 feet 
higher than the preliminary design 
by use of recommended sea-wall. 

(b) Looking upstream 

BOYSEN DAM SPILLWAY 
Flow In The Recommended Stilling Basin Design 

35,000 Second-feet 
1 :48 Model 



(a) Scour pattern after operating the 
model 30 minutes. Discharge - 
20,000 Second-feet. 

(b) Scour pattern after operating the 
model 30 minutes. Discharge - 
35,000 Second-feet. 

BOYSEM DAM SPILLWAY 
Scour ~atte^ms - Recommended Stilling Basin Design 

1:48 Model 



DISCHARGE - 2 0 , 0 0 0  
SECOND-FEET 

D I S C H A R G E - 3 5 , 0 0 0  SECOND-FEET 

MAX. ELEV. OF MAX. ELEV. OF TAILWATER ELEV. TAILWATER ELEV. DESCRIPTION OF LARGE O E  'IGN 
AVERAGE WAER ELEV. OF MAX AVERAGE WATER ELEV. OF MAX. AT WHICH JUMP REQUIRED TO EDDY THAT OCCURS 
SURFACE PROFILE SCOUR DEPTH SURFACE PROFILE SCOUR  DEPTH^ I S  SWEPT FROM BRING JUMP BACK DOWNSTREAM QND TO THE 

ALONG RIGHT ALONG RIGHT THE APRON** * ON THE L E F T  OF STILLING BhStN 
TRAINING WALL* TRAINING WALL* APRON * * * 

Preliminary 4634 4590 4545 4587 4629.4 4632 2 Distinct. 
- . . 

2 4 630 459 1 4635 4 635.2 4636.0 Very d~s t i nc t .  - 

3 4 630 4 586 - - 4 635.2 4636.1 Dist inct.  

4 463 1 4588 4 63 6 - 4 632.2 4633.9 Dist inct.  

5 4629 4585 J u m p  i s  s w e p t  f r o m  t h e  A p r o n  a t  Norm01 T a i l w a t e r .  
-- 

6 4630 4589 464 1 4589 4632.1 4637.6 Not d i s t i nc t .  

4 632 4 590 4639 4587 4628 6 4630.4 D is t inc t .  
A 

* Top o f  the Pre l iminary R igh t  T r o i n i n g  Wal l  i s  a t  E l e v .  4 6 3 5  0. 
S p i l l w a y  Apron  i s  o t  E l e v ,  4594.0 .  

*** N o r m a l  e x p e c t e d  t a i l w a t e r  Elev., w i t h  3 5 , 0 0 0  s e c o n d -  f ee t ,  i s  4 6 3 5 . 4 .  

B O Y S E N  D A M  S P I L L W A Y  
SUMMARY OF MODEL TEST D A T A  ON 

ALL STILLING BASIN 'DESIGNS 
1 : 4 8  MODEL 











COEFFICIENT OF DlSCHARGE IN THE EQUATION Q'CLH 

DISCHARGE IN 1000 C.F,S. 

B O Y S E N  D A M  S P I L L W A Y  
CALleRAT' lON AND COEFFICIENT OF DISCHARGE CURVES 

I : 6 O  MODEL 







(a) Gate structure. 

$ 

Figure 40 

(b) Upstream v iew.  (c) Discharge - 62,000 Second-feet. 

BOYSEN DAM SPILLWAY 
Model Views - Second Spillway Design - Scheme One 

With Training Wall Aad Gate Pier Modifications 
1 :60 Model 



NOTE: Training wall modi fication shown in Figure 3 6 ( b )  
and a 6-feet wide center gate p i e r  were used. 

B O Y S E N  D A ~  S P I L L W A Y  
WATER SURFACE PROFILE O N  'c O F .  SPILLWAY 

SECOND SPILLWAY DlESlGN- SCHEME ONE 
1:60 MOOEL 
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FIGURE 4P 


